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(gi Molding go) I, method for manufacturing It, and apparatus for forming substrate sheet for optical 
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Trie present invention provides, sr moldings roll 
having a relief pattern on its surface. The mold- 
ing roll comprises a roll base and a stamper 
fixed on the peripheral surface of the roll base, 
the stamper being roll-shaped and seamless. 
Using the molding roll, substrates for optical 
recording media can be produced successively 
in which fine patterns corresponding to infor- 
mation are transferred precisely. 
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BACKGROUND OF THE INVENTION 

; Field of the Invention / ' > 

5 The present invention relates to a molding roll for continuously molding holograms and night-density infor- 

mation recording media such as optical discs and optical cards which can record and reproduce information 
by changing optical characteristics such as reflectance with light such as a laser beam, and it also relates to 
a method for manufacturing the molding roll. 

10 Related Background Art 

Heretofore^ as a method for continuously manufacturing molded articles having a fine pattern of micron 
.^friffjg submicron order on the striates thereof* for example, substrates for optical recording media, holog- 
: — 7:rams and the like; there has been,-for exaimple, a rnel^od ^Ing p moWihg roil as described in International 
15 Publication No. W088/03311. ^ . 

This type of molding roll can be manufactured by the following conventional known methods: 

(1) A method which comprises mechanically directly cutting the surface of the roller by a diamond bite or 
the like, ; 

(2) a method which comprises coating the roller with a photosensitive material such as a photoresist, expos- 
20 ing it to light by the use of a laser and a photo-mask to form a pattern thereon, and then forming a relief 

V .pattern oa^he ro? 6 ^ v s ty 'P^™, 8 ^ b y etching or lift-off, and 

(3) ^ f ra^ and then winding the plateontothe 

However, when the relief patois firte; methods have the following 

25 drawbacks. 

First of all, in the method which comprises mechanically directly cutting the surface of the roller by a 
diamond bite or the like in the paragraph (1), the limitation of the fineness of the pattern depends upon the size 
of a cutting blade, the accuracy of feed pitch and the rotary accuracy of the roller (jitter, vibratory motion arid 
the like). 

30 For example, in the cases of pregrooves and preformats which are transferred to the substrates of optical 
\ : . ,discs and optical^cards which are cow investigated as information recording media, the fine pattern is required 
• ;whfch ^ to-5000 A. However, the mechanical method of the 

; paragraph (1) can scarcety >royid# 

Next, in the method which corhprises coati ng the roller wfch tKe f>hptosensltrve material and then finely pat- 
35 tern ing on the roller in the paragraph (2), it is difficult to provide the accuracy at the times of (I) coating the roller 
with the uniform photoresist, (ii) exposing the pattern to light on the roller and (jii) patterning uniformly on the 
roller by etching or the like. In order to obtain the satisfactory accuracy, large apparatuses are required and 
considerable facility investment is necessary. 

Moreover, in the method which comprises fixedly winding the plate stamper onto the roll base in the para? 
40 graph (3), it is necessary to meet durability at a high temperature (e.g., 300°C or less in the case of polycar- 
: i #bonate) anoNwger ^ hj&ti i pressure^ (e.q., £0 kg/cm* or less) during the molding of a resin. For this purpose, 
various fixture^ fire Requirc^rand A flxirjg ritan/»er is often complex; In addition, the treatment of a step between 
Jthe^edge face oTthe-etap^ is also troublesome. 

45 SUMMARY OF THE INVENTION - V n V" . ; ; "! • 

The present invention has been achieved to solve the above-mentioned problems of conventional techn^ 
ques, and an object of the present invention is to provide a molding roll which has a highly accurate and fine 
relief pattern and which does not transfer an unnecessary step. 
50 Another object of the present invention is to provide a method for manufacturing a molding roll which has 
•.- #e highly accurate , and fine relief pattern and which does not transfer an unnecessary step without using expen- 
sive facijfties.'r:; .: . V/i,'/ *V\- • *• 

. That is, a molding roil of the present invention is a molding roll having a relief pattern (which is comprised 
of raised arears and engraved arefes) on the peripheral surface ther^eofwhich comprises a roll base and a stam- 
55 per fixed on the peripheral surface of the roll base, said stamper being roll-shaped and seamless. 

A method for manufacturing a molding roll according to the present invention is a method for manufacturing 
a molding roll having a relief pattern on the peripheral surface thereof and comprising a roll base and a roll- 
shaped and seamless stamper fixed on the peripheral surface of the roll base, said method being characterized 

3 
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by comprising-the steps ofji . 

a first step of installing a flexible master having a pattern corresponding to the relief pattern of the molding 
roll on the surface thereof in a cylindrical mold so that the back surface of the flexible master may be brought 
into contact with the inside peripheral surface of the cylindrical mold, 
5 a second step of applying electroforming to the surface of the flexible master to form a roll-shaped stam- 

per thereon, 

a third step of releasing the flexible master having the formed roll-shaped stamper from the cylindrical 
mold, and then separating the roll-like stamper from the flexible master, 

and a step of processing the roll-shaped stamper into the molding roll. 
10 A method for manufacturing a molding roll for molding substrate sheets for optical cards according to the 
present invention is a method fbriTianyfiflcturing a molding roll for molding substrate sheets for optical cards 
having preformat patterns corresponding to striped pregrooves and prepits on the peripheral surface thereof 
and comprising a roll base and a roll-shaped ^and seamless stamper fixed on the peripheral surface of the roll 
base, sakJ method being characterized by comprising the steps of: '» 
15 a first step of installing a flexible master having a pattern corresponding to the preformat pattern on the 

surface thereof in a cylindrical mold so that the back surface of the flexible master may be brought into contact 
with the inside peripheral surface of the cylindrical mold, 

a second step of applying electroforming to the surface of the flexible master to form a roll-shaped stam- 
per/ 

; ^a thii&at^p of reteaslhg the fletf^ 

{nx)ld 

. v , sand a step: of processing tfi^rojtehaped stamper into the molding roll. 

An apparatus for manufacturing substrate sheets for /optical: recording media according to the present 
invention which comprises a means for melting and extruding aVesIn to moid a resin sheet, a molding roll for 
25 pressing the resin sheet to transfer a preformat pattern to the surface of the resin sheet and a mirror roll dis- 
posed in the face of the molding roll, said molding roll being provided with a roll base and; a roll-shaped and 
seamless stamper fixed on the peripheral surface of the roll base. ; ' ■! 

An apparatus for manufacturing substrate sheets for optical recording media according to the present 
invention by which a preformat pattern of a molding roll having the preformat pattern on the peripheral surface 
30 ithereof is traop^ substrate sheets for optical recording media, said apparatus 

f , s .being ^ ■ 'V'' 

^ ? , the molding ^ 

a sheet feed means for feed^ 

a means for forming a photocurable resin composition lay&romthe peripheral surface of the molding roll, 
35 a means for pressing the photocurable resin composition layer on the peripheral surface of the molding 

roll against the substrate sheet, ; 

a means which is disposed at a position apart from the pressing position in the rotational direction of 
the molding roll and which irradiates the photocurable resin composition layer through the substrate sheet with 
light, and 

40 *v : a,mea^jQr_^ roll the resin layer which is integrated with the substrate sheet 

,. r. v and to whi& tfcp pr^ormaii pattern is transferred, by irradiation with light from the irradiation means, 

„ > said mofdirtg roll beirtg provided with a roll base and a* roll-shaped and seamless stamper fixed on the 
peripheral surface of me roil base. *' /.^ •■'.-f' ; 

That is, according to the present invention, a roll-shaped stamper having on its surface a highly accurate 

45 and fine relief pattern can be manufactured directly in a roll form by installing a flexible master with a pattern 
corresponding to a relief pattern on the inside peripheral surface of a cylindrical mold, forming a film on the 
flexible substrate by means of electroforming, and then peeling the flexible substrate from the electroforming 
film. This manufacturing operation can be achieved by a conventional inexpensive apparatus. Trie roll-shaped 
stamper thus prepared is fixed on a roll base, thereby easily obtaining a seamless molding roil. 

A; BR1EF DESCRiPTttfo Ofil^E DfyVVVINQS , 

Figs. 1 A and 1 B are schematic sectional views of a molding , roll of the present invention. 
Fig. 2A is a schematic sectional view of a flexible master used for manufacturing the molding roll of the 
55 present invention. ; - 

Fig. 2B is a schematic sectional view of a cylindrical mold in which the flexible master Is installed. : 
Figs. 3A and 3B are schematic views of the cylindrical mold shown in Fig. 2B haying an electrofrnmlng-film . 
deposited on the cyclindrical mold surface. 
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Fig. 4 is a schematic view illustrating another embodiment of an electroforming method in manufacturing 
the molding roll of the present invention* c 

Figs. 5A, 5B and 5C in series illustrate one erribodiment of manufacturing steps of a flexible master of the 
present invention. 

5 Fig. 6 is a schematic view illustrating a step in which the molding roll is manufactured by the use of a roll- 

shaped stamper. 

Figs. 7A and 7B show schematic sectional views of the molding roll in which the inside peripheral surface 
of the roll-shaped stamper is tapered and then detachably fittted to a roll base, Fig. 7A being a schematic section 
illustrating a step for forming the molding roll and Fig. 7B being a schematic section of the molding roll. 
10 Fig. 8 is an Illustrative view of the preformat of an optical card. 

Fig. 9 Is an enlarged view of f he preformat pattern of the flexible master. 

Fig. 10 is a schematic view of ^ the^exible master alor^ the line A-A' in Fig. 9 which is disposed in parallel 
with the peripheral direction of the inside peripheral surface of a cylindrical mold; 

Fig. 1 1 is a schematic view of the flexible master along the line B-B' in Fig. 9 which is disposed in parallel 
15 with the peripheral direction of the inside peripheral surface of the cylindrical mold. ■ V 
Fig. 12 is a schematic sectional view of the cylindrical mold in Fig. 10. 

Fig. 13 is a schematic view of a preformat pattern portion in another embodiment of the cylindrical mold 
having the mounted flexible master which is used in manufacturing the molding roll of the present invention. 
Figs. 14A and 14B are schematic views of a preformat pattern portion in still another embodiment of the 
20 ' ^cyllndrk^ is used in manufacturing the molding roll of the pre- 

:seritirrVentiori v * 1 ' \ ; ■ Ifcvi 

fl Fig. 1 5 is a schematic sectional view of an apparatus for manufacturing substrate sheets for optical record- 
ing media empolying the molding roil of the present invention. r • 

Fig. 16 is a schematic sectional view showing another embodiment of an apparatus for manufacturing sub- 
25 stratB sheets for optical recording media employing the molding roll of the present invention! ■ 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will be described in detail in reference to drawings, 
so *f t ' 'FfcilftjHj* scJ^rt^p sextfon;of a molding roll v 1 of the present invention in a vertical direction to the 
- peripheral surface fiereof, wid Fio>1B is a schematic section of the molding roll 1 in a parallel direction to the 
.- < ^^fre^heral surface thereof.' >. 

In Figs. 1A and 1B, reference numeral 2 is a roll-shaped stamper, numeral 3 is an adhesive layer, and 4 
is a roll base which is a reinforcing material. 
35 Figs. 2A and 2B and Figs. 3A and 3B are schematic views illustrating embodiments of a manufacturing 

method of the molding roll according to the present invention. That is, Fig. 2A shows a flexible master 22 having 
on the surface thereof a pattern 21 corresponding to a fine pattern which will be formed on the peripheral surface ; 
of a roll stamper 2, on the surface of which an electroconductive film 20 is formed. As shown in Fig. 2B, the 
flexible master 22 is disposed in a cylindrical mold 23 so that the back surface of the flexible master 22 may 
40 ^ 'be brought ftfp^ inside peripheral surface of the cylindrical mold 23. Next, this cylindrical mold 

23 is filled With ^e^ and an anode electrode 5 is dipped in the electrolyte, as shown in 

>"Fig7 3A and Fig. 3B. In trie cylindrical moid, e<ectroforrning' is earned out at a constant current density between 
a cathode which is the electroconductive film 20 on the flexible master 22 arid an anode electrode 5. 

When an electroformed film 25 has reached a predetermined thickness, the electroforming is stopped, and 
45 the flexible master 22 having the electroforming film 25 is then released from the cylindrical mold 23. After, waste 
ing with water, the electroforming film 25 is peeled from the flexible substrate 22 to obtain the cylindrical (roll- 
shaped) stamper 2. 

In the last place, the roll-shaped stamper is reinforced with a roll base to obtain the molding roll shown in 

so C -; In the pte^nrf. inve ntion v the ^exibte master 22 can be closely fixed on the inside peripheral surface of the 
[- cylindrk^r^d23^ 

•:. ^Tteraccwra Preferably usable examples of the 

material of the flexible master 22 Include thin films and sheets of synthetic resins such as polyester, polyolefin, 
polyamide and polyimide, metals and ceramics. The thickness of the flexible master 22 is in the range of 1.0 

55 x 10^ to 10 mm, preferably 3.0 x 10-3 to 5 mm, and it is preferred that the scatter of the thickness is ±10% of 
the thickness and does not exceed 50 um. ' • ;' 

Furthermore, the flexible master has the fine relief pattern 21 formed on its surface: As a process for forming 
the flexible master 22, the following processes can be preferably utilized. 

' .-^*--/ ,.. < / :.; J >: . 5 . 
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(1) A process in which a thermoplastic resin is used, and the fine relief pattern is thermally formed on its 
surface by injection molding or compression molding. 

(2) A process in which a photosensitive resin layer such as a 2P material is formed on a substrate for the 
flexible master, and the surface of the stamper is then transferred thereto by the so-called 2P method to 

5 form the relief pattern thereon. 

(3) A pattern mask is formed on the substrate for the flexible master by the Hotorin process, and this mask 
is used to form the relief pattern by etching or lift-off. In the former case, the substrate itself is etched, and 
in the latter case, the pattern layer is formed on the substrate, thereby forming the relief pattern. 

(4) A method using a casting technique in which as shown in Figs. 5A, 5B and 5C, a liquid resin is poured 
w into a casting cell 51 [Fig; 5B], followed by polymerizing, whereby the flexible master 22 can be directly 

prepared. , 

(5) A method in which the relief pattern is directly formed on the substrate for the flexible master or a layer 
provided thereon by a mechanical cutting means. ; ( ; ; 

In the case of the roll stamper for molding the substrate for the optical recording medium, examples of the 
15 relief pattern include spiral patterns, concentric circle patterns and striped patterns corresponding to tracking . 
grooves of optical discs and optical cards having a width of 1 to 4 urn, a pitch of 1 to 20 urn and a depth of 
about 200 to about 5000 A as well as patterns corresponding to address pits having a width of 0.6 to 10 urn, 
>f. 4 length of to 20 ftrrf and a depth of about 200 to about 5000 A. 

i. T.?^!**^ Pfi the surface, which is, on the side a fine relief pattern is formed, 

,2g4f of fliWflexjble masferformed in th<4 abey^rneritioned manner/The ejectroconductive film formation may be car- 
- i ried out when the flexible master is in the form of a plate or is present in the cylindrical mold. 

The electroconductive film 20 can be formed by a vacuum film formation technique such as sputtering or 
vapor deposition or electroless plating of a conductive metal such as nickel, arfd; this film;20 which functions 
as a cathode in the electroforming step is connected to a minus side of an electric source; : 
25 This flexible master 22 having the thus formed fine relief pattern is closely fixed on the inside surface of 
the cyjindrical mold, and this close fixing state has influence upon the accuracy of the outer diameter of trie 
molding roll. 

v ^Thejretatf.!^^ stably, a means for vacuum-chucking the flexible master 

V v:;Wn.the cyilndrici^ r>M^ provided, or alternatively the flexible master may be temporarily fixed by screws 

::;^^,t|ie utetFig; 2^.^ • j z • f . . ':'< ; - \ ; ; v ,'. , •*;;'/ , i 

f ; r The cylindrical mofd. ln which the flexible master having the ffhe relief pattern with the electroconductive 
film 20 is installed on the inside peripheral surface thereof, is theri dipped in an electrolysis tank. Next, the elec- 
troconductive film 20 is utilized as the cathode, and the electroforming is then ^carried out at a given current 
density between the cathode and the anode electrode 5. | l = ': : 

35 Figs. 3A and 3B show an embodiment in which the cylindrical mold equipped with the substrate constitutes 
one electrolysis tank, but the cylindrical mold may be dipped in the large electrolysis tank. Particularly, the latter 
has advantages that many cylindrical molds can be treated simultaneously and some of them can be taken out 
; during the dtotoforrnir^ to be submitted easily for inspection or processing. Fig. 4 shows an embodiment in 
;"■*. which the tsiro cy)^ and etectroformed in the electrolyte 24 in the elec- 

404 ^ 4trolysls tank 41/ / V. <A^. .■*"!■">. 

At the time when the ^ectroformirig film 26 has reached a predetermined thickness, the electroforming is 
brought to an end, and the flexible master 22 having the electrdbrmlhg film 25 is taken off from the cylindrical 
mold 23 and the electroforming film 25 is then peeled from the flexible substrate 22, thereby obtaining the roll 
stamper. ■/ * ■ ; 

45 The thickness of the electroforming film can be controlled basically by regulating quantity of electricity, i.e.; . 
current x time, but in fact, it is important to control the deformation and the peeling of the film which are attributed 
to the stress of the electroforming film caused by the unevenness of current density and film formation velocity. 
:/ ;E|ectrof«roing. is; dirqed put with a current density of 3 to 5 A/dm 2 using a constant-current source or a 
constant-voftage sdu/ce. "p^ terrfperafure of,the electroforming liquid is also one of the important factors for 
50 .determining the quality of the film; aVid.the velocity of the fflm formation, and usually it is in the range of 40 to 
60°C. When a temperature in this range is employed and thejiquid te sufficiently stirred during the electroform- 
ing step, the stable film having no unevenness can be formed. 1 \ . 

I n forming the film, at an early stage (until about 0.1% of the final thickness of the'ejec^orming film), dec* 
troforming is carried out with a current density (e.g., about 3 A/cm 2 ) at the low fiDrn fortiori Velocity and then, 
55 with a raised current density (e.g., about 5 A/dm 2 ), accomplished at a high film formation velocity. ; 

According to the above-mentioned procedure, the electroforming film having a predetermined thickness is 
formed so that the residual stress may not remain at the time of the film formation, and the electroformed film 
' nand the flexible substrate aretfcen released from the cylindrical mold. Afterward, the flexible substrate is peeled 



1/1/08, EAST Version: 2.1.0.14 



EP0481 753LA2 



from the electroforming film, whereby the good roll stamper having neither distortion nor deformation is 
obtained. 

The roll stamper obtained by the above-mentioned procedure can be used as the molding roll by itself, and 
a mechanical reinforcement may be given in accordance with the thickness of the electroformed film. Examples 
5 of the reinforcement technique include a manner in which if necessary, the inside peripheral surface of the roll- 
shaped elect-pformin^ film is polished, and the roll-shaped stamper is fixed on the roll base by an organic or 
an inorganic adhesive 61 or screws, as shown in Figs. 1A and 1B, and another manner in which the inside 
peripheral surface of the electroformed film is pushed in the form of a taper, and the electroforming film is then 
detachably fitted on the previously tapered roll basei as shown in Fig. 7B. 
10 The manufacture of the molding roll 1 by the use of the roll stamper is preferably carried out after completion 
of the electroforming and before the release of the roll stamper from the cylindrical mold. 

That is, in either case of the above-mentioned reinforcing manners, the axis and the rotary surface of the 
molding roll are required to have high accuracy, and therefore vibratory motion and rotary unevenness of the 
axis as well as the movement of the rotary surface must be sufficiently controlled. In order to meet this require^ 
. 15 ment, the operations for manufacturing the molding roll, i.e., the polishing of the inside peripheral surface of 
*- 'frejelectitfc^ fixing and fitting of the roil base are carried out utilizing, as a processing frame 

andap^ 

- ^f^whireby the high pressing accuracy can W^tained ani thus the high-quality molding roll can be manufac- 

■ --aired. "" V ' ' " ' ■ • i :.'>' r 

20 In the maintenance of the stamper surface of the molding roll, for example, it is required to remove soils 
on the surface which are involved in the resin molding step. In the case of such avoiding roll as shown in Figs.; 
7A and 7B, the roll-shaped stamper 2 can be detachably fitted on the roll base 71, so that the maintenance of 
the molding roll can be achieved only by exchanging the roll-like stamper. \ ; 

The inside peripheral surface of the roll stamper according to the present invention can be polished in a 
25.. usual manner such as lathe processing. 
*-.v >. ;The the present invention preferably has satisfactory stiffness, 

^ unfforrn waij thickness a outside peripheral surfaces. The inner 

: ^ ^liaifheferof the cyli mold determine? the outer dimeter of tihe. roll-shaped stamper, and processing 
- accuracy such as the roundness of the inside surface of thebylindrical mold isdirectly connected with the accu : 
30 racy of the outer diameter of the roll-shaped stamper. Taking these points into consideration, the cylindrical 
mold preferably is excellent in the roundness of the inside and outside peripheries^ and such a cylindrical mold 
can be formed from a metal, ceramics or a synthetic resin inclusive of a reinforced plastic such as FRR. 

In the case that the molding roll for molding substrates for optical cards which has the relief pattern corre- 
sponding to striped pregrooves and prepits is manufactured by installing the flexible master in the cylindrical 
35 mold so that the pregropve pattern may be arranged in parallel with the peripheral direction of the cylindrical 
• mold, the m^lding roll can be obtained which can mold the substrates for optical cards having high accuracy 
and less defects 
nVv This reason will be described ^ V ly 

Fig. 8 shows a plan view of the substrate fcrthe optical card. As shown in Fig! 8, the optical card is provided 
40 with a prefonmat having a size of 85 mm x 54 mm and a width of 31 mm in -parallel with a longitudinal direction. 
Fig. 9 is an enlarged view showing a prefonmat pattern including a pattern corresponding to the pregrooves of 
the flexible master for molding the optical card shown in Fig. 8. On the track in Rg. 9, there are shown a pattern 
91 corresponding to the pregrooves for AT and another pattern 92 corresponding to prepits. Figs. 10 and i t ; 
show sectional views along the lines A-A 1 and B-B' of the relief pattern of the above-mentioned track graven 
45^ on the flexible master, respectively. 

;NoWf wjiW preformat pattern shown in Fig. 9 is installed along the inside 

^ .periphery of m^ c^in^ (1) a case where the line 

,A- A' is placed in paratfeJ with the j^npher^ the line B - B' is placed 

in parallel with the peripheral direction D. That is, iri the case of {1} (Fig. 10), with regard to the- width of the 
so pattern 91 corresponding to the pregrooves and the side C of the pattern 92 corresponding to the,prepits, the 
length a<> of an opening is smaller than the length bo of a bottom. On the other, hand, Jn. the case of (2) (Fig: 
1 1), such a phenomenon does not occur on the pattern 91 corresponding to thegrooves, and only with regard 
to the side C of the pattern 92 corresponding to the pits, the opening is smaller than the bottom. ' 

As a result, in the roll stamper formed by the process of (2), the sectional shape of the convex pattern for 
55 A the formation of the pregrooves does not take such a reverse taper shape that the width of the pattern increases 
^toward its tip. th^fiere, wJ^^this^mbWing roll is used so as to continuously form the substrates for the optical 
^cards, neither bie^tfgeincfr'peei^^ vicinity of the pregrooves of the substrates, so that the sub- 

>^ jstraies for the optical carcls havingjess'defecls-dan be o&ained. i _ .[ . 

7 * *" * \ ' 
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The sectional shape of the pattern 92 corresponding to the prepits is preferably formed so that its surface 
f may have an angle 6 0 to a base, and in such a case, when the pattern 92 is installed in the cylindrical mold, 
the opening of the pattern 92 is equal to or larger than the base thereof. At this time, the angle 0 0 is 1 0° to 85°, 
preferably 25° to 85°; more preferably from 30° to 80°. 
5 In trie case that the pattern 91 atnd92 of the flexible master are formed as shown in Fig. 14 and the pattern 

91 corresponding to the pregrooves is formed so that the vertically sectional shape of the pattern 91 may be 
grooves (having an angle of to the base) and so that surfaces e and f of the pattern 91 corresponding to the 
prepits may have angles of 9 2 and 9 3 , respectively, the molding roll can be prepared which can provide the sub- 
strates for the optical cards having less defective and high accuracy without restricting the direction of the pre- 
10 format when the flexible master 22 having the preformat is installed in the cylindrical mold 23. 

At this time, values of 9 1a 9 2 and 8 3 are from 10° to 85°, preferably from 25° to 83°, more preferably from 
30° to 80°. The flexible master having the above-mentioned fine and accurate preformat pattern can preferably 
7 '^e jT^nuf9^ut©<j^.^he :atoesaid casting' method which is excellent in transfer properties of a matrix. It can 
be achieved tty a method d^cribedin Japanese Patent Laid-open No. 1-275018 to incline the wall portions of 
15^ [Mepmems 91 and 92 coh;esppndir^ to the abtfye^mentiorfed pregrooves and prepits. For example, the compo- 
sition of a chromium layer formed on a glass original plate is continuously changed at the time of the formation 
of the original plate to prepare a matrix, and the flexible master is then molded by casting and by the use of 
the matrix. ■ ; 

In the present invention, when the roil base 4 is used as a reinforcing member for the roll-shaped stamper 
20 2, the roll base preferably has high hardness and good thermal conductivity and permits easily achieving the 
mirror processing of its peripheral surface, and examples of the material of the roll base include steel, chromium 
steel, aluminum and steel for molds (managing steel). The roll,base peripheral surface is preferably processed 
**l.'go that its surfed accuracy may tje substantiaJly equal to or higher than the surface accuracy of the substrate 
,\ - for the ^ the surface accuracy of the roll base peripheral 

2^f%uiface is 1 urn or less, freferab^ 

If necessary, the roll base may be coated with a hard film sutjh as titanium nitride or treated with plating 
such as chromium plating. 

The diameter of the roll base 1 1 depends upon its application, but when ttje rpll base is used as the roll 
base for the molding of the substrates for the optical cards, the diameteris set to 100 to 500 rrm preferably 
30 200 to about 400 mm. 

Next, an apparatus and a method for manufacturing a substrate sheet for optical recording medium by the 
use of the molding roll of the present invention will be described in detail. 

2 That is, An^Q. 15, resin pellete thrown mto the extruder 1 51 are first heated, melted and extruded in a barrel 
^of theextruyer^t51,f^^ 

3$^ t.152. Tlie T-die is preferably disposed so that the.resin sheet may pe extruded between the molding roll 1 and 
the mirror roll 1 54, because such a disposition permits transfemn£ the preformat pattern precisely. 

Next, the molded resin sheet extruded from the T-die is pressed between the molding roil 1 and the mirror 
roll to transfer the preformat pattern. At this time, it is preferred that the molded resin shedt 13^ is extremely 
close to a melting state, since the resin can be sufficiently pressed into, recesses on the stamper to transfer 
40 the fine pattern precisely. Accordingly, the temperature of the T-die preferably is as high as possible, so long 
as the resin does not decompose, and it is preferably in the range of the glass transition temperature (hereinafter 
. jabbreviated to ,r Tg") of the molded resin + 110°C to Tg + 200°C, particularly Tg + 130°C to Tg + 190°C. For 
'\ example, ip.^ the temperature of the T-die is 260 to 340°C, preferably 280 to 

v :330?C,^^ 

^ If the resin sheet is cooled between the T^e 152 andthe mqWinjg roll 1, the preformat pattern is not suf- 
ficiently transferred and the double refraction tends to occur. Therefore; the distance between the T-die 32 and 
the pressing point of the molding roll 1 and the first mirror roll 1^54 is 20 an or less,; preferably 15, cm or less, 
more preferably 1 0 cm or less, and the temperature of an ambient atmosphere therebetween preferably is 60°C 
or more. ' ; ';' - \ • ' [ 

so In order to precisely extrude the resin sheet toward the pressing point, the constitution of vertical extrusion 
is preferably taken as shown in Fig. 15 in which the pressing point is disposed vertically under the T-die. This 
reason is that since the resin is nearly jn the melting state, the vertical extrusion permits extruding the resin 
toward me ori^ip^^ horizontal extrusion. 

Surface' temperatofres of me molding roll 1 and the mirror rolls 154, 155 depend upon the kind of resin to 
55 be used. For example, in the case {bat polycarbonate is used, the Jerrrperature of the molding roll 1 is usually 
set to 11 0-1 45°C considering the heat deformation temperature of Ae pdycarbohate, that of the first mirror rol| 
is set to 90-135°C, and that of the third mirror roll is set to 120-150 o Ci In the ease that amorphous polyolefin . 
is used, the temperature of the molding roll 1 is set to 120-145°C, that of the first.mirror rdl is set to 100-135°C; 

8 ■ / ■ •:• 
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and that qf the third mirror roll is set to 1 20-1 50°C. According to the present invention, even if the set temperature 
fluctuates in this rsthge, the transfer accuracy of the preformat pattern and the double refraction do not largely 
. fluctuate, so that the homogeneous aqd excellent substrate sheet for the optical recording medium can be for- 
med. The temperatures of these rolls can be controlled , for example; by heating them with a heater incorporated 

5 in the rolls or by circulating a hot medium to the central portions of these rolls. 

Fig. 16 is an illustrative view of another apparatus and method for manufacturing a substrate sheet for the 
optical recording medium by the use of the molding roll according to the present invention. In Fig. 16; reference 
numeral 161 is a feed tank for a photocurable resin such as an ultraviolet or an electron beam curable resin; 
and a resin layer 162 is formed on the surface of the molding roll by an ink feed roll 163. Next, the resin layer 

10 162 on the molding roll is pressed against a sheet substrate 164 by a nip roll 167. Then, the resin layer 162 is 
irradiated with ultraviolet rays, or electron beams by an ultraviolet or an electron beam irradiation means 168 
to cure the photocurable restn layer and Integrate the resin layer with the substrate sheet. Afterward, the sub- 

r ^^^te^eth^ roll t by using a releasing roll 169, thereby 

obtaining the subs 

15 In the present invention, as the photocurable resin, there can be used photopolymerizable prepolymers, 

photopolymerizable monomer and usual photocurable resins containing a photb-inifiator. Usable examples of 
the photopolymerizable prepolymers include acrylates such as unsaturated ^ polyesters; epoxy acrylates, 
urethane acrylates and polyether acrylates, and usable examples of the photopolymerizable monomer include 
monofunqtional monomers such as iauryl acrylate, 2-ethylhexyl acrylate, 1 ,6-hexanediol monoacrylate and 

20 dicyclopentadiene acrylate as well as polyfu notional monomers such as dicyclopentenyl acrylate, 1 ,3-butane- 
did } dia(^a^^yethyte^ glycol <llapry1ate, pentaerythritol triacrylate. In addition, examples of the photo-ini- 
Vtiator induc&^ as benzophenone, benzoin and its derivatives, benzoin ether 

ancJbenzyldimethyl keti. ; Y; "-r ^ '-, ' : \. 
* V- The photocurable resin preferably has good adhesive; properties to the sheet substrate 1, and its example 

25 is a usual photocurable adhesive. Typical examples of the photocurable adhesive include urethane acrylates; 
epoxy acrylates and polyester acrylates. The coating film thickness of the photqcurable re&'m is 5Q^m orless, 
preferably 20 urn or less, so as to inhibit the substrate for the optical recording medium firom warpirtg owing to 
the curing shrinkage of the photocurable resin layer. 

. This thickness of the film can be adjusted by a blade 165. In the present invention, no particular restriction 
30 is put on the coating manner of the photocurable resin, and it can be selected from known coating manners 
; ; r&uch BB'^l&tatinq arid* Ijar coating ^compliance with the viscosity, the coating film thickness and the like of 

>the'jCoatihg^^7^>v -V ';• - , 

v.;>> : <j In the present invention;, the feed [ate of the sheet substrate 164 isfrom 0.02 m/minute to 7 m/minute, par- 
ticularly from 0.05 m/minute to 5 mi/minute from the viewpoints of theproductivjty of the substrates for the optical 
35 recording media, the entrainment prevention of air bubbles and the Improvement of adhesive properties. 

The material of the sheet substrate 164 of the present invention preferably Is transparent to recDiding/repror 
ducing light and has large mechanical strength and less double refraction and hygroscbjpicity. Preferable exam- 
ples of such a material include polycarbonate resins, acrylic resins, epoxy resins, polyesterresins and polyolefjn . 
resins, and above ail, the polycarbonate resins, acrylic resins and polyolefin resins can be suitably used. 
40 The thickness of the sheet substrate is 2.0 mm or less, preferably 0.2 to 1 .4 mm. That is, the sheet substrate 
' having the thinness in this range; can exclude the influence of dust and the like on the surface of the substrate, 
when irradid^n^ reeling light pr reproducing light from the side of the substrate. 

, < - M described above; adbrding to ^ seamless molding roll having no step on its sur- 

; fade can easily be manufactured:' the present Invention has advantages such that (1) expensive facilities is 
45 not required, (2) high accuracy of the fine relief pattern is securised arid (3) the shape of the stamper is cylin- 
drical. ' - \ ; * 

According to the present invention, a flexible master having an electrofprmihg fflm is brought intbiclose con- 
tact with the inside peripheral surface of a cylindrical mold, and a molding roll is prepared therefrom while trie . 
state of the close contact is maintained. Therefore, the manufacture of the molding roll can be achieved utilizing 
so the cylindrical mold as foundation, so that it is possible to obtain the molding roll having high processing accu- 
. r> piracy. yy, imr - ■•> 1 «;..,.■ i>:?-'-\* 

MorebvWracb^^ there can be obtained, at a low cost, 1 the molding roll for mold- 

,w>^|lng substrate sheets for optical recording medl$ which can continuously transfer a preformat pattern with high 

accuracy. f : . * \ 

55 Next, the present invention will be described in more detail fh reference to examples. 
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Example 1 ~ * *;.'; : " . 7 *. v; 

In the first place, a flexible master was manufactured in the manner shown in Figs. 5A, 5B and 5C as follows. 
First, a matrix 52 which would be used in a casting cell 51 was prepared. That is, a chromium film haying 
5 a thickness of 3000 A was vacuum-deposited on a mirror-polished glass plate having . a thickness of 2.3 mm. 
Afterward, on this chromium film, a positive photoresist (trade name AZ-1 350; Hoechst Japan Inc.) having a 
tickness of 1000 A was formed by a spin coating process. 

Next, this photoresist layer was exposed to light through a mask to print a pattern corresponding to a pre- 
format for optical cards thereon, and development was then carried out with a developing solution (trade name 
10 AZ-31 2; Hoechst Japan Inc.) .t6 form a resist pattern. Afterward, the exposed portions of the chromium film were 
etched with 6 N hydiochloric held. After sufficient washi ng and drying, the remaining photoresist was incinerated 
and removed by the use of an oxygerrplasma incineration method, whereby the matrix was obtained. 

In this example, a preformat for the optical cards was composed of 2583 pregrooves having a width of 3 
u.m, a pitch of 12 um and a depth of 2700 A and prepits having a width of 3 urn, a pitch of 12 urn, a depth of 
is 2700 A and a length of 6 um which were formed on lands between the grooves, end the sectional shape of the j 
pregrooves and the prepits in a vertical direction to them was rectangular; 

Next, the casting cell shown in Fig. 5A was constructed using the matrix 52, and a liquid resin having the ; 
following composition was poured into a cavity. Afterward, the resin was heated at 1 20 °C for 2 hours and then 
u slowly cooled over 1 0 hours to cure the same, and it was then released therefrom, thereby obtaining the flexible 

r Composition of Liquid -Resin 

25 Methyl methacrylate 70 parts by weight 

Tertiarybutyl methacrylate 25 parts by weight 

Polyethylene glycol 
V ^ , dioiethacftrylate 5 parts by weight 

f y iX ' V^M^H^i^^*9Ht '620).". 

On the surface of this flexible master on which the preformat patter was formed, a nickel film of 500 A in 
thickness was formed by an electroless plating process to make the above-mentioned surface ejectroconduc- 
35 tive. Next, this flexible master was fixed by screws in a stainless steel cylindrical mold haying an inner diameter ) 
of 200 mm, an outer diameter of 220 mm and an inside and an outside peripheral surface accuracy of 0.2 so 
that the pregroove pattern might be arranged in parallel with the peripheral direction of the cylindrical mold as 
shown in Fig. 11 and so that the back surface of the flexible master might be brought into close contact with 
the inside peripheral surface of the cylindrical mold. Afterward, as shown in Fig. 4, the cylindrical mold was 
40 X- dipped : in aio tfSM^f^Drorilrio . jx|rrtc«^and T.a nickel anode electrode 5 was installed in th^ center of the cylindrical 
;. the nickel film on the surface of the flexible master as a 

•A- *ca*ode. for 6 hours to. deposit a : h|(^^m.havfi>g'a thickness of ^QO ^m, • 

The composition of an electrofbrming liquid was as follows::; ., " 

Nickel sulfamate 600 g/l . 
45 Boric acid 40 g/l "V \ 

Nickel chloride 5 g/l 
Leveling agent 20 mg/1 

and the temperature of the liquid was from 40 to 60°C. The electroforming was carried out by using constant 
. , current (Nikka Engineering Co., Ltd.), where current density was 3 A/cm 2 at an early stage and gradually raised 
so*! lip tb 4 /Vdi^€^ Jnally to § Mdm^f 

Next, trie cylindrtcil;m^td Was pulled upfrpm the electrofbrming tank and then washed with water, and the 
-^ insftie peripheral surface of the electroforming film was polished tp bring its surface roughness to 0.1 mm or 
" less. In this case, the polishing was effected so that the confronted surfaces of the inside periphery of the elec- 
troformed film might be parallel to each other, utilizing the outside peripheral surface of the cylindrical moid as 
55 a fundamental surface. ■ 5 

A roll base having a diameter of 1 90 mm was inserted,into the cylindrical mold, and positioning was made 
so that the central axis of the roll base might be in accord with the temporary central axis of the cylindrical mold; 
utilizing the outside peripheral surface of the cylindrical mold as the foundation. Afterward, an adhesive (trade 

y. / :* f . • , \ 10 
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name BR Resin; made by Mitsubishi Gas Chemical Company, Inc.) was poured into the space between the 
..peripheral surface of the.roil base and the inside peripheral surface of the electroformed film, and it was then 
cured. ' * t 

The roll base on which the eiectrofonming film and the flexible master were fixed was pulled out from the 
5 cylindrical mold, and the electroformed film was then separated from the flexible master, thereby obtaining a 
molding roll. 

This molding roll 1 was attached to a molding apparatus shown in Fig. 15, and polycarbonate. 153; (trade 
name Panlite L-1225; made by Teijin Chemicals Co., Ltd.) was then extruded from an extruder 151 (trade name 
SHT 90; Hitachi Shipbuilding & Engineering Co., Ltd.) to mold a substrate sheet for optical cards having a thick- 
10 . ness of 0.4 mm, and a width of 30 cm. . 

With regard to rnoldinftpondittons in this case, the temperature of a T-die 1 52 was 300°C, the surface tem- 
perature of the molding, roll was 150°C, the canying velocity of the molded resin sheet was 3 m/minute, and 
, the^rarjaof peripheral speeds of the molding rolt i and the mirror roll 155 was set to 1 .001, and a molding time 
was 3 hours. ' ' * 

15 For the transfer accuracy of each preformat pattern-transferred portion on me thus obtained substrate 

sheet, the section of the pregrooves-transferred portion in a direction vertical to this 9 pregrooves or the sections 
of the pre pits-transferred portion in directions parallel and vertical to the pregrooves were observed by an elecr 
tronic surface morphology analyzer (trade name ESA-3000; Erionix Co., Ltd.), and then the plane surfaces of 
the preformat pattern-transferred portion were further observed by an optical microscope (x 400). 
20 u As the results, of ^above-mentioned observation , the occurrence ratio of defects such as breakages and 
* and the prepits of the substrates for optical cards was evaluated. 

V $ ^ The evaluation of th/9 occurrehce^ ''ratio was made as follows: A substrate having a relief preformat was first 
prepared, and when even one breakage or crack was present fn theWicinity of the relief preformat, the substrate 
v was estimated to be defective. Thus, the occurrence ratio was calculated from the formula , 
25 A/Bx100 ■ <-: , : .• ■. : 

A: the number of the defective relief preformats, and '■'} ". 

B: the total number of the prepared relief preformats. I ; * 

Reference Example 1 

: ..^ .y... t r -c %. : r ^ ..... 
' f -[ The satne probejdure as in Example 1 was effected except that a flexible master was installed in a cyl indrical 
^ ./mold so that a pregroove pattern 1 : 91 nSightibe, vertical to a peripheral direction as shown in Fig. 10, thereby 
'manufacturing a molding roll, and a substrate sheet for optical cards was molded by the use of the thus man- 
ufactured molding roll. . ' r ' - ? "■■ 



35 



Example 2 : ; . : 

The same procedure as in Example 1 was effected except that an angle 9 0 of a surface f to a base in a 
prepit pattern 92 of a flexible master was 30°, thereby preparing a molding roll, and a substrate sheet for opticai 
ycards was mojded by the use of the thus prepared molding roll. 

^ Example 3 ■ « s 



The same procedure as in Example 1 was effected exceptthat when a chromium film was formed on a 
45 glass plate in a matrix formation step, a mixing ratio of nitrogen and oxygen was continuously changed to form . 
the films, thereby preparing the matrixes, and flexible masters were obtained by the use of these matrixes. 

In each of the thus obtained flexible masters, the sectional shape of a pregroove pattern in a vertical direct 
tion was a reverse trapezoid having = 55°, and angles of the surfaces e and f to a base in a prepits pattern 
were 9 2 - 55° and 8 3 = 55°, respectively. 
so £4 This fie^emasterwas fixed on a cyl indricai mold so that the pregroove pattern of the flexible master might 
*be pai^letipthja 

; . f*" .Next, electrofomting.was carried out in the same manner as in Example 1 , and the inside peripheral surface 
of the resultant electroformed film was then polished in ; a taper form so that the electroformed film might be 
fitted on a roll base 71 in a taper form in the sectional shape thereof having d 71 = 185 mm and d 72 = 190 mm 
55 on the basis of the outside peripheral surface of the cylindrical mold. Afterward,, the electioformed film 25 was 
mounted on the roll base 71 so as to be d^ = 205.7 on the basis of the outside peripheral surface of the .cylin^ 
drical mold, and the roll base having the electroforming film was pulled out from the cylindrical mold.The resijk 
tant roll-shaped stamper was then separated from the flexible master and a fixture 72 was inserted between 
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the roll-shaped stamper and the roll base, thereby obtaining a molding roll. In this case, a passage 73 of a hot 
medium for heating the molding roll was buried in the roll base. 

A substrate sheet for optical cards was molded in the same,manner as in Example 1 by the use of this 
molding roll, and evaluation was then "made. 

5 . . ■ > -V" v .. . ... > • 

Example 4 * i •;':>■ 1 /- 

The same procedure as in Example 3 was effected except that a flexible master was fixed on a cylindrical 
mold so that a pregroove pattern of the flexible master might be vertical to the peripheral direction of the cylin- 
10 drical mold, thereby obtaining a molding roll. A substrate for optical cards was molded by the use of the thus 
obtained molding roll, and evaluation was then made. 

v ,>; > . < &anfyle5 ;>^ > , ^ v - t > -^.v t : 

f 5^ ^ An apparatus fcff manij^cturfhg asubstrate sheet for optical cards shown in Fig. 16 was prepared by the 
^^''u^of a^molding.roirc^ined'ln 'Example 3.' ,V 

That is, a polycarbonate sheet having a thickness of 0.4 mm was used as a sheet substrate 164, and an 
ultraviolet-curing resin layer having a thickness of 40 \ur\ and having the following composition was formed on 
the surface of the molding roll: ' 
20 ■ "■ •. '•'.-' I/ ;i 

Composition of Ultraviolet-curing Resin 

v : - ^ ^^^t'ha^ : ac^ylate' 30 parts 

tf imethylolpropane diacr^lata : 67 parts 



30 



1 -hydroxycyclohexyl 

phenyl ketone 3 parts 



A sheet substrate 1 64 was carried at 2.4 m/ minute, and after the molding roll was brought into close contact 
with the sheets bstrate, the ultraviolet-curing resin layer was irradiated with ultraviolet rays (2 kW high-pres- 
•sure mercury vd frx'\arnp,$&6 mW/bm 2 ) through the sheet substrate to cure the ultraviolet-curing resin layer 
35^ -an4 to integrate the resi n layer with thersubstrate sheet Next, the substrate sheet was released from the mold- 
ing roll to obtain the substrate sheet for optical cards. Tl^e thus obtained substrate sheet was evaluated in the 
same manner as in Example 1. ' , 

The evaluation results of the substrate sheets for optical cards prepared in Examples 1 to 5 and Reference 
Example 1 are shown in Table 1. ; : ; ; 

40 ' ■ .. : ' ■■■ i = 
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Table 1 




Defect 


1 . • I .... ... . 


Occurrence 


->• : . ■* 'V v • •■■ \. 

... ■■ . '. V 


Ratio 

... 


Example 1 


30% 


Example 2 


4.4% . 


Example 3 


0.01% 


Example 4 


. . 1.7% 


Example 5 : ; 


" J">. ' :": P. 8% 


Reference 




Example 1 


70% 
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Claims 
1 



A molding roll having a relief pattern on the peripheral surface thereof which comprises a roll base and a 
stamper fixed on the peripheral surface of the roll base, said stamper being roll-shaped and seamless! 

A metfeooVfb^^ rndding roll having a relief pattern on the peripheral surface thereof and 

v compilsin^ a rottbaseand aVbll-shaped and seamless stamper fixed on the peripheral surface of the roll 
base, said method c^mprisinVthe steps r tif: ; . . ' ;V ; / > . 

a first step of disposing a flexible master having a pattern corresponding to the relief pattern of the 
molding roll on the surface thereof in a cylindrical mold so that the back surface bf the flexible master may : 
be brought into contact with the inside peripheral surface of the cylindricailmold, ■ : ; 

a second step of applying electroforming to the surface of the flexible master, to form a roll-shape^ . 
stamper thereon, 

a third step of releasing the flexible master having the formed roll-shaped stamper from the cylin- 
.. dn^mejd, and th^ sepsjBUng the roll-shaped stamper from the flexible master, 

; 

The method for manufacturirig r a molding' roil according to Clajm 2 wherein the step of processing the roll- 
shaped stamper into the molding roll comprises a step of polishing the inside peripheral surface of the 
roll-shaped stamper and a step of fixing the roll-shaped stamper on the roll base. h 

4. The method for manufacturing a molding roll according to Claim 2 wherein the step of processing the roll-f . 
55 shaped stamper into the molding roll is carried out prior to the third step. 

. ; *5. -;f The^met^form^ roll according to Claim 4 wherein the step of processing the roll- 

- shaped stamper into flie rising ioll is carried out on the basis of the cylindrical mold. 

* :■' v"' . ' '. ^rT ; ■ " ' • • * ' - 

' • ' •• ■ 13 - .• . ■ •-. 
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6. The method for manufacturing a molding roll according to Claim 2 wherein the flexible master is formed 
by a casting process. C 

7. The method for manufacturing a molding roll according to Claim 3 wherein the roll-shaped stamper is fixed 
on the roll base with an adhesive. 

8. The method for manufacturing a molding roll according to Claim 3 wherein the inside peripheral surface 
of the roll-shaped stamper is tapered by polishing, and the roll base having a shape corresponding to this 
taper form 15 inserted in and fixed to the roll-shaped stamper. 

9. A method for manufacturing a molding roll for molding substrate sheets for optical cards having preformat 
patterns corresponding to striped pregrodves and prepits on the peripheral surface thereof and comprising 
a roll base and a roll-shaped and seamless stamper fixed on the peripheral surface of the roll base, said 
method being characterized by comprising the steps of: ". : < , • k 

a first step of installing a flexible master having a pattern corresponding to the preformat pattern 
on the surface thereof in a cylindrical mold so that the back surface of the flexible master may be brought 
into contact with the inside peripheral surface of the cylindrical mold, 

a second step of applying electroforming to the surface of the flexible master to form a roll-shaped 

_ ; v d third s^ppf^ the formed roll-shaped stamper from the cylin- 

v f driiral mold; and men sepa 

Y and a step of processing the roll-like stamper ^ 

10. The method for manufacturing a molding roll according to Claim 9 wherein "the step of preparing the mold-; 
ing roll by the use of the roll-shaped stamper comprises a step of polishing the inside peripheral surface 
of the roll-shaped stamper and a step of fixing the roll-like stamper on the roll base. 

11. The method for manufacturing a molding roll according to Claim 9 wherein the step of preparing the mold- 
* 'X ii^^^.^ ; ^se ^;^r^l^hf^e^>tainper is carried out prior to the third step. 



■ i ;• *j " 



:,i 2£ The method for rharwfacturing a molding roll acoording to Claim 1 1 wherein the step of preparing the mold- 
• ' ing roll by the use of the roll^shaped stamper is carried buton. the basis i of the cylindrical mold, 

13. The method for manufacturing a molding roll according to Claim 9 wherein the flexible master is formed 
by a casting process. 

14. .The method for manufacturing a molding roll according to Claim 10 wherein the roll-shaped stamper is 
fixed on the roll base with an adhesive. 

15. The rrfeth^^ the inside peripheral surface 
? y of the roll-shaped stamper is tapered by polishing, and the roll base having a shape corresponding to this 
; taper form is inserted in and fixed to the roH-like stamper :a - /! "j 

1 6. The method for manufacturing a molding roll according to Claim 9 wherein injthe first step; the flexible f ma^ 
ter is installed in the cylindrical mold so that the pattern corresponding to the pregrooves of the flexible 
master may be in parallel with the peripheral direction of the cylindrical mold. ! 

17. The method for manufacturing a molding roll according to Claim 16 wherein the flexible master is used in 
! which/tte sectional f^^:cfjhid : f^m corresponding to the prepits of the flexible master in a direction 

parallel tb the pat^ to the pregrooves is formed so that confronted walls may form a 

■■' trapezoid having ah b angle Gfcto a basevv - : ' ' > ~ C- / - 

18. The method for manufacturing a molding roll according to Claim 16 wherein the flexible master is used in . 
which the sectional shape of the pattern corresponding to the prepits of the flexible masterin a direction 
vertical to the pattern corresponding to the pregrooves is formed so that confronted walls may form a 
trapezoid having an angle 6 2 to a base and in which the sectional shape of the flexible master in a direction ; 
parallel to the pattern corresponding to the pregrooves is formed so that confronted walls may form a 
trapezoid having an angle 8 3 to a base and in which the sectional shape of the flexible master in a direction 
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vertical to :the pattern corresponding to the pregrooves is formed so that confronted walls may form a 
trapezoid having an angle e^to a base. 

19. The method for manufacturing a molding roll according to Claim 9 wherein in the first step, the flexible 
5 master is disposed in the cylindrical mold so that the pattern corresponding to the pregrooves of the flexible 

master may be vertical to the peripheral direction of the cylindrical mold, atid the flexible master is used 
in which the sectional shape of the pattern corresponding to the prepits of the flexible master in a direction 
vertical to the pattern corresponding to the pregrooves is formed so that confronted walls may form a 
trapezoid having an angle 9 2 to a base and in which the sectional shape of the flexible master in a direction 
w parallel to the pattern corresponding to the pregrooves is formed so that confronted walls may form a 

trapezoid having an angle 83 to a base and in which the sectional shape of the flexible master in a direction 
vertical to the pattern corre^onding to 4he pregrooves is formed so that confronted walls may form a 
• trapezoid having aft .angle ^tfc-tfto^;..: v- ; : ; ^ -r ■' ; . 

15 20. An apparatus for manufacturing substrate sheets for optical recording media which comprises a means 
for melting and extruding a resin to mold a resin sheet, a molding roll for pressing the resin sheet to transfer ! 
a preformat pattern to the surface of the resin sheet, and a mirror roll disposed in the face of the molding 
roll, said molding roll being provided with a roll base and a roll-shaped and seamless stamper fixed on 
the peripheral surface of the roll base. 

. v 21. An appai^tus ^rr«rujfiactiir^ substrate sheetsfor optical recording media by which a preformat pattern 
; 4 ; pfaa m^ the peripheral surface thereof is transferred to continu- 

.".';! '/< :t' ov ^y manufacture'^ sub^ reading media, said apparatus being characterized 

' V by comprising: I r „ : : ' 

25 the molding roll being rotated in a predetermined direction, 

a sheet feed means for feeding light-permeable substrate sheets, ;: 

a means for forming a photocurable resin composition layer on the peripheral surface of the molding 
roll, " ' : 

a means for pressing the photocurable resin composition layer on the peripheral surface of the mold* 
30 ^ ing roll ajjainst the^substrate sheet, 

• # S ^ 'jji tfc$t&^ch&.<^o& at a position apart from the pressing position in the rotational direction 
^ :'Of^*™l^ pfiotocurabie resin/composition layer through the substrate 

.^A*' sheet .with i^ht and: ;•/./.: •,. >\v \ ;; ■; . 'y-. ' 

a means for releasing from the molding roil the resin layer which is integrated with the substrate 
35 sheet and to which the preformat pattern is transferred, by irradiation with light from the irradiation means, 

said molding roll being provided with a roll base and a roll-shaped and seamless stamper fixed oh 
the peripheral surface of the roll base. 

22. A method for making a forming roll which comprises providing a cylindrical master having on an interior 
40 £ surface a pattern corresponding to that of the roll, producing a patterned surface for the roll by electro- 
i depositing- materiaf on the interior surTace, and separating the deposited material from the master. 

^ 23. A method according to claim 22 wherein the master fe of a flexible material. 

45 - . . .'./•. .... 
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